Introduction
Against the backdrop of a challenging global economic climate, Ireland's health system has endured significant budgetary cuts, which has been accompanied by both a decrease in frontline staff morale and an increase in international migration [1, 2] . Trainee doctors [hereafter referred to as 'Non-consultant Hospital Doctors' (NCHDs)] in Ireland have experienced the additional pressure arising from a systemic failure to fully implement the European Working Time Directive [EWTD] , which limits working hours of doctors to 48 h a week. Research has shown that the combined effects of staff shortages, excessive workload and limited promotional and training opportunities for Irish NCHDs have direct effects on the health and well-being of junior doctors [3] . In a qualitative study of junior doctors' perspectives on their working conditions, many referred to feeling undervalued by the system, and reported fatigue as well as a consequent heightened anxiety regarding clinical performance and decision-making skills, i.e. patient care [2] .
Burnout has been described as a syndrome with three categories, involving a high level of emotional exhaustion (EE), high level of depersonalization (DP) and low level of personal accomplishment (PA) [4] . Research has shown that continued and repeated stress that involves physical, emotional and mental exhaustion can produce burnout [5] . Burnout is prevalent among doctors, with prevalence rates ranging from 25% to 60% across studies, and certain specialities and certain grades are shown to be at higher risk [6] . A number of studies have sought to identify precipitative and protecting factors which might modulate burnout levels in practising physicians. Shanafelt and colleagues [7] investigated the health habits of American surgeons and explored the associations with burnout and quality of life. They found that social support and high involvement in personal wellness strategies [such as taking vacations and having a positive outlook] were at lower risk of burnout. Having time to spend with patients and families, combined with the establishment of effective communication with them, has also been considered to provide protection against the development of burnout [8, 9] . However, literature is equivocal regarding the protective value of relationships and/or family with some studies reporting higher burnout levels in married physicians [10] . Similarly, while some studies reported that having children was associated with fewer burnout symptoms [11] , others reported fewer burnout symptoms in physicians without children [12] , and more have reported no effect of relationship status or children on burnout rate [13] . It is likely that the relationship between presence of children or relationship status, and burnout, may mediated by the co-presence of work-home conflict, where there exist incompatible demands between the work and family roles [14, 15] .
Studies conducted in different-grade physicians in selected specialties have demonstrated a moderate-to-high correlation between burnout scores [particularly EE] and frequency of self-reported medical errors [5, 16, 17] . Other studies which have employed objective measures of patient and healthcare system outcomes [e.g. medical malpractice episodes, referral rates] have demonstrated that rate of negative outcomes increases with burnout level and number of hours worked [7, 18] . Other studies have shown that quality of patient care or increased rate of medical error is not a necessary outcome of burnout, but that the effort to compartmentalize the deleterious effects of burnout may come at the cost of quality of life for working physicians [19] . In a related finding, burnout was also associated with self-reported unprofessional conduct and less altruistic professional values among medical students at seven US schools [20] .
Physicians working in the Irish health service continue to work outside the limits defined as acceptable by the EWTD, an occurrence which might be expected to contribute to high burnout levels. However, the overall prevalence of burnout risk across the broad spectrum of Irish NCHDs has not been quantified, and it is also not known whether increased risk of burnout is associated with deterioration of patient care. The present study sought to determine the relationship between personal and work-related risk/protective factors and burnout rate in this population. We hypothesized that NCHDs at high risk of burnout would report more medical error and poorer quality of patient care as compared with residents at lower risk of burnout. 
Methods

Study design, setting and participants
Study measures
Data were collected using a single survey consisting of three sections, with a total of 36 questions. These sections were as follows: [21] . From this survey, nine questions evaluated EE, five questions evaluated DP, and eight questions evaluated PA [21] . This is a validated tool that was developed specifically to measure burnout syndrome among healthcare workers and is considered a gold standard measurement of burnout syndrome in the field. The format involved a series of statements, where participants produce a response on a 7-point Likert scale [0, never; 1, once a year or less; 2, once a month or less; 3, sometimes in a month; 4, once a week; 5, sometimes in a week; 6, everyday]. 
Data analysis
Questionnaire data were statistically analysed using IBM SPSS v.22. Descriptive analysis was carried out to summarize the baseline socio-demographic and career characteristics of the study population. The prevalence of burnout syndrome among NCHDs in this study was calculated manually using the total score of each category of burnout syndrome [EE, DP and PA] from each participant in the study. Spearman's rho test of correlation, independent samples t-tests, and one-way ANOVA were used to evaluate the relationship between demographic and career factors and all three burnout syndrome categories [EE, DP and PA].
Results
Descriptive analysis of participants' baseline characteristics
A total of 265 NCHDs returned the questionnaire, of which 100 of them were collected via survey monkey through email and the remaining 165 respondents were collected manually across the teaching hospitals. Table 1 provides a summary of the sociodemographic and career characteristics of the study sample.
Prevalence of burnout syndrome
Prevalence of high level burnout among NCHDs in Ireland in this study was based on any participant who demonstrated a significant high score in two or more burnout categories [EE, DP or PA; see One-way ANOVA analyses revealed no relationship between relationship or parenthood status, position, years of service, number of working hours per-week and burnout category scores [all P > 0.5].
Relationship of burnout syndrome with self-reported medical error and quality of patient care A positive correlation was found between EE scores and all six error/care items; specifically, a very weak or weak correlation with Items 1 or 6, and a weak correlation with Item 2 was determined, and a weak correlation with Items 3-5 was found. The results of this correlational analysis are presented in Table 3 . GIM = general medicine, acute medical assessment unit, cardiology, dermatology, endocrinology, family medicine, gastroenterology, geriatrics, haematology, histopathology, infectious diseases, neurology, oncology, palliative medicine, public health, radio-oncology, renal, respiratory and rheumatology; diagnostic specialties = radiology, histopathology; paediatrics = general paediatrics, general practice, neonatology and paediatric surgery; s = general surgery, cardiothoracic, ear, nose and throat, neurosurgery, ophthalmology, oral and maxillofacial, orthopaedic, plastic surgery and urology; Obs & Gynae = obstetrics and gynaecology; SEM = standard error of the mean. Table 2 Total percentage of percentages for each categorical response [never; once a year or less; a couple of times a year; multiple times a year; often] among NCHDs (n = 265; table provides valid n for each item) that participated in this study
Statement
Never % (n)
Once a year or less % (n)
A couple of times a year % (n)
Multiple times a year % (n)
Often % (n) A weak positive correlation was demonstrated between DP scores and all medical error/poor care item scores. A very weak negative correlation between PA score (where high scores are associated with low PA) and Items 2-6 was observed aside from a weak negative association with Item 4.
Discussion
To summarize this study's principal findings, the prevalence of burnout syndrome among NCHDs in Ireland in this study was 26.4%. Younger age was associated with a higher level of DP, but no association was found between age and EE or PA. Females demonstrated higher levels of EE compared to males, but male NCHDs displayed higher levels of DP compared to female NCHDs. No association was found between gender and PA. No association was found between burnout syndrome with relationship status, parenthood status, position, years of service and number of working hours perweek. However, a weak or very weak association was found between burnout syndrome and frequency of items related to medical error and poor quality of patient care.
The present study's prevalence rate of 26.4% for burnout syndrome among NCHDs in Ireland confirms that burnout syndrome is prevalent among frontline clinical staff in Irish hospitals [22] . However, this prevalence was on the lower end of the spectrum relative to values reported in studies conducted in other countries. Recent US-based studies have reported burnout rate of 41% of anaesthesiology trainees [17] , whereas 76% of internal medicine residents have developed burnout (also referred to in the literature as 'severe burnout', based on a high score in two or more burnout categories as employed in the present study) [23] . Comparative analyses have suggested higher rates of burnout in general internal medicine relative to anaesthesiology or radiology [24] . These discrepant findings may reflect variable burnout rates across different positions and areas of speciality [5, 17] . Additionally, while Irish duty hours for NCHDs are high and often exceed the recommended threshold, they are typically even higher in US hospitals. This might also account, in part, for the higher rates of burnout among US trainees. Accordingly, the difference between the burnout prevalence rate reported in the current study and other published reports likely reflects the increased heterogeneity of our sample relative to other studies across key areas including position, experience, and clinical speciality. Culture differences, financial rewards, systems in the workplace and the state of economic development in different countries may also play a role in affecting burnout syndrome among physicians [22, 24] .
In the present study, younger NCHDs demonstrated high levels of DP. This finding is consistent with other published literature that showed that higher levels of burnout were prevalent amongst younger physicians [25] [26] [27] . It was demonstrated that gender differentially affected burnout syndrome category values, where females demonstrated higher levels of EE and males displayed higher levels of DP. A similarly complex profile has been reported in relation to gender and burnout syndrome in many published studies internationally [10, 13, 25, 26] . It has been proposed that where burnout is higher among females, it is frequently due to work-home conflict [25] . In contrast, several studies have suggested that risk of burnout is higher among males due to high alcohol intake, increased competitiveness and perceived societal expectation [28] [29] [30] .
A key study finding consisted of a very weak to weak association between frequency of self-reported medical error and poor patient care quality with high level of EE, high level of DP and low level of PA, which tally with characteristics of burnout syndrome. These data are in agreement with empirical findings which have demonstrated an increased number of medical errors among practicing physicians with high levels of burnout [31] [32] [33] [34] . It has been shown that trainee doctors who are emotionally exhausted will also show a higher tendency towards neglect of physical well-being, lessattention or interest towards patients, decreased quality of care towards patients and increased cynicism regarding their own work, which leads to increased medical error [32] . Moreover, medical trainees with high depersonalization tend to make errors mainly because they tend to work ineffectively, work in a rush due to pressure, and show an inability to adjust to a challenging working environment [33] . In contrary, those with high PA tend to commit fewer medical errors because they are more energetic, passionate and dedicated with their work and they willing to spend more time to complete their tasks [32] . Therefore, trainees with low PA are at high risk of making errors [32] . Subsequently, these medical errors may be expected to negatively affect the quality of care afforded to patients in terms of morbidity and mortality [5] . In relation to the present study, it was demonstrated that approximately half of participating NCHDs stated that they make mistakes with negative consequences towards their patient in once a year or less [17] . Among the three burnout categories, EE proved the strongest predictor and indicator of likelihood to report a medical error [35] .
We acknowledge that this study contains several limitations. Firstly, the use of a cross-sectional design precludes us from proposing a causal relationship between burnout and medical error/decreased quality of patient care. Additionally, further research is warranted to clarify the contribution of unmeasured confounding variables such as poor sleep quality, fatigue and job strain to the observed relationship between burnout and poor quality of patient care. Secondly, the reliance on a self-report measure of medical error (as opposed to objective assessments, e.g. audit of medical records) leaves the study vulnerable to bias, as this data cannot be independently verified. Previous studies have reported bias with respect to medical error, as indexed by a low rate of reporting by physicians [36] . Lastly, the generalizability of the results is impacted by the overall response rate (16%) and the fact that the study sample have been working under a very specific set of adverse economic conditions which have had a major and drastic impact on the public healthcare system.
In conclusion, burnout is prevalent among NCHDs in Ireland, and is also consistently associated with frequency of self-reported medical error and diminished quality of patient care. These results draw a clear line between burnout and exhaustion and quality of patient care provided by NCHDs, highlighting the necessity to develop and evaluate multi-centre interventions which will use proven stress management training techniques to identify, prevent and counter the effects of stress and burnout in this population. NCHDs are a section of the workforce characterized by poor morale and excessive workload due to pressure to reduce costs within the Irish healthcare system. This study is a warning of the necessity to protect this group, with a view to maintaining patient care and safety at a satisfactory level.
